An improved time diversity technique is proposed for deploying the 3GPP LTE airinterface over satellite mobile links. It overcomes the FEC performance loss resulting from the use of a short transmit-time-interval (TTI) in LTE. By using transport block expansion, code block segmentation, advanced rate matching and automatic retransmissions, the FEC coded block is split over as many TTIs as is necessary to break the channel correlation without any reduction in the user data rate.
channel interleaving gain. A method proposed in [3] to tackle this problem through forced retransmission and inter-TTI interleaving results in a reduction in user data rate and also contends with non-conformity to the LTE resource block structure.
In order to address these drawbacks, we propose a hybrid technique that reuses existing mechanisms in LTE to achieve sufficient time diversity to combat fast-fading in satellite links whilst complying fully with LTE resource block/TTI structure. The original user data rate is maintained at the expense of a linear increase in latency and memory requirements.
LTE Physical Layer:
The LTE standard is designed for high data rate mobile communications. It implements a basic rate 1/3 parallel concatenated convolutional (turbo) code for forward error control (FEC). A rate matching stage processes the coded bits (using sub-block interleaving and interlacing) into a virtual circular buffer from which they are read out according to the specified 'rate-matched' coded block size and redundancy version [4] . Where a transport block is longer than the maximum input code block size, it is segmented into multiple code blocks which undergo independent FEC coding and rate-matching. The final codeword is then a concatenation of the different rate-matched coded blocks [2] , [4] .
After the FEC stage, the final codeword is scrambled and mapped to a QAM signal constellation, multiplexed to subcarriers using the LTE resource block/TTI structure and transmitted using OFDM. The minimum unit of resource allocation in LTE is a resource block which consists of 12 consecutive frequency subcarriers over 6 or 7 consecutive OFDM symbols. Resource blocks are usually allocated in pairs to form a subframe whose duration is equivalent to the LTE TTI of 1ms. LTE supports incremental redundancy HARQ which consists of transmitting different parts of the FEC coded block in every retransmission such as to increase the FEC protection for packets in error. In a good channel, the original code block can be transmitted with no error protection, leading to increased throughput [5] .
Proposed Technique: It is proposed that the initial transport block (corresponding to an initial code block size: K ) be expanded in geometric proportion to the desired order of time diversity: S for an FEC code block as shown in (1) . The expanded code block is then split into S multiple code blocks, each having a size equal to the initial code block size: K . Each code block then undergoes rate 1/3 FEC coding independently, resulting in a complete coded block size: N as shown in (2) . Advanced rate-matching is then performed per coded block in proportion to the desired overall code rate:  and order of time diversity: S as shown in (3) . In this regard, a rate-matched coded block can be (significantly) shorter than the original code block. The final codeword is then a concatenation of the different rate-matched coded blocks corresponding to the different code block segments as shown in (4) .
where  is the expanded code block size (resulting from the expanded transport block),  is the rate-matched coded block size and  is the final codeword size.
Automatic retransmissions based on incremental redundancy are then used to complete the transmission of each FEC coded block ( S transmissions needed). The number of parallel HARQ processes: P is set such as to break the channel correlation between retransmissions as shown in (5)-(7). 
Conclusions:
An improved time diversity technique has been proposed for short TTI transmissions.
The method has been shown to achieve significant time diversity gain in a wideband fading channel without reduction in the user data rate, while maintaining maximum commonality with the LTE standard. The gains achieved will allow reasonable capacities that had hitherto not been possible with satellite mobile systems. Table Captions   Table 1: Proposed architecture for split multicode transmission 
